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MEASUREMENTS OF PRESSURE DROP W I T H  NO HEAT ADDITION ON MOCKUP SEGMENTS 

OF TElE GENERAL EIECTRIC AIR-COOLED AIRCRAFT REACTOR 

By Eldon W. S a m  and Tibor F. Nagey 

SUMMARY 

An inves t iga t ion  w a s  conducted a t  t h e  NACA L e w i s  laboratory t o  
obtain pressure-drop data f o r  flow of a i r  with no heat  addi t ion through 
mockups of two reac tor  segments of t h e  proposed General E lec t r i c  Company 
a i r c r a f t  reac tor .  Pressure-drop data were obtained over a range of 
Reynolds numbers from 4000 t o  80,000, a i r  i n l e t  Mach numbers from 0.02 
t o  0.40, i n l e t  pressures up t o  about 40 inches of mercury absolute, 
and ambient air  temperatures. 
f ac to r s ,  corrected f o r  entrance, vena contracta,  momentum, and e x i t  
losses ,  are considerably higher at the  high Reynolds numbers t h a n  those 
reported f o r  turbulent  flow i n  smooth pipes.  

The r e s u l t s  ind ica te  t h a t  t h e  f r i c t i o n  
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An air-cooled reac tor  i s  beipg b u i l t  by t h e  General E l e c t r i c  Company 
f o r  a i r c r a f t  propulsion. 
approximately 5 f e e t  i n  diameter and 3 feet  long, with cooling air  passing 
a x i a l l y  through t h e  reac tor .  Axially, t h e  reac tor  i s  composed of t e n  
segments, each 3.5 inches long, with an a x i a l  spacing of 0.125 inches 
between segments. 
c e n t r i c  r i n g s  between which are sandwiched t r iangular  passages. 
cooling air  flows a x i a l l y  through these t r i angu la r  passages and i s  allowed 
t o  expand i n t o  the  0.125-inch spacing between segments before  flowing 
through the  next annular segments. 
i s  var ied ax ia l ly .  
angular passages i s  a s ta in less -s tee l -c lad  uranium oxide core, t he  thickness 
of t h e  sandwich being approximately 0.012 inch. 

The proposed reac tor  i s  a r i g h t  c i r c u l a r  cylinder 

Each reactor  segment i s  composed of a series of con- 
The 

The equivalent diameter of each passage 
The material forming the  concentric rings and t h e  tri- 

4 

I n  vie; of t he  complex geometry of t h e  air-flow passages, predict ion 
of t h e  a i r  pressure drop i n  t h e  reactor  from data ava i lab le  i n  t h e  l i t e r -  
ature i s  d i f f i c u l t .  I n  order t o  gain some ins ight  i n t o  the  pressure-drop 
cha rac t e r i s t i c s  of t h e  reactor ,  mockups of small port ions of t h e  f i f t h  
and t en th  annular reactor  segments were t e s t e d  by t h e  NACA kwis laboratory.  
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Equivalent 
diameter 

( f t )  

0.0208 

0.0201' 

The tests were conducted over a range of i n l e t  Mach numbers from 
about 0.02 t o  0.40 with i n l e t  pressures up t o  about 40 inches of mercury 
absolute  a t  ambient air temperature. 
inves t iga ted  was from about 4000 t o  80,000 f o r  each of t h e  test  sect ions.  
The r e s u l t s  of these tests are presented here in  i n  t h e  form of curves of 
average h a l f - f r i c t i o n  f ac to r  p lo t t ed  against  Reynolds number f o r  each of 
t h e  tes t  segments. Both measured and calculated data  a r e  a l s o  presented 
i n  tabular  form. 

The range of Reynolds numbers 

Length t o  Free flow Free-flow 
diameter area f a c t o r  

r a t i o  (sq f t )  
L/De 

14.0 0.0385 0.92 

14.45 0.0386 0.90 

U 

10 

EQUIPMENT AND INTRUMENTATION 

3.5 

Reactor segments. - Two reac to r  segments, number 5 and number 10 i n  
a x i a l  spacing of the  complete reactor ,  w e r e  tes ted;  both w e r e  fabr ica ted  
of 0.012-inch sheet aluminum. Figure l ( a )  shows,segment number 5, which 
had f i v e  rows of t r iangular  passages, and f i g u r e  l ( b )  shows segment 
number 10, which had s i x  rows of t r iangular  passages. 

Per t inent  geometrical cha rac t e r s i t i c s  f o r  t h e  two segments are pre- 
sented i n  the  following table:  

number 

T- ( i n . )  ( i n . )  

A i r  system. - A schematic diagram of t h e  test  sect ion and experimental 
setup used i n  t h i s  inves t iga t ion  is  shown i n  f igure  2. Figure 2(a)  shows 
the  general  piping layout. Service air at  110 pounds per  square inch gage 
i s  passed through a f i l t e r ,  through a pressure-regulating valve, and then 
through an o r i f i c e  run, consis t ing of an a i r  s t ra ightener  and an A.S.M.E.- 
type f l a t - p l a t e  o r i f i c e  where the  air flow i s  measured before enter ing the  
i n l e t  tank. From t h e  i n l e t  tank, t h e  a i r  flows through the  t e s t  sec t ion  
and i s  discharged t o  atmosphere. The o r i f i c e  and tes t - sec t ion  in le t -a i r  
temperature i s  measured by a thermocouple j u s t  downstream of t h e  o r i f i c e  
p la te .  

Test-section instrumentation. - The reac tor  segment w a s  mounted i n  
a r e c t w w i t h  a rounded entrance sect ion.  Three 
s t a t i c  pressure taps  were located i n  the wood duct a t  both the  entrance 
sec t ion  and t h e  e x i t  sect ion as shown i n  figure 2(b); one t a p  w a s  located 
a t  t h e  bottom and one t a p  on each s ide  of t he  duct a t  both sect ions.  The 
s t a t i c  pressure drop w a s  taken as the  difference between the  average i n l e t  
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and the  average o u t l e t  measured s t a t i c  pressures.  I n  seve ra l  cases, as 
a check on t h e  instrumentation, t h e  s t a t i c  pressure drop was obtained by 
the  use of a micromanometer connected d i r e c t l y  across one i n l e t  and one 
o u t l e t  tap.  
pressure 'drops. 

These pressure drops were i n  good agreement with the average 

I n  f i g u r e  3 are photographs of segment number 5 mounted i n  the  wood 
duct, showing t h e  rounded sect ion and the  r e l a t i v e  loca t ion  of the  three 
i n l e t  s t a t i c  pressure taps .  

The following symbols are used i n  t h i s  repor t :  

A 

D e  

Q 

KC 

L 

P 

P 

AP 

Ap" 

APmeas 

free-flow area,  sq f t  

e f f ec t ive  diameter of reactor  segment, 4A/P, f t  

free-flow f a c t o r  (free-flow a rea / to t a l  f r o n t a l  a rea)  

average h a l f - f r i c t i o n  f a c t o r  corrected f o r  momentum l o s s  

average h a l f - f r i c t i o n  f a c t o r  corrected f o r  entrance, e x i t ,  
vena-contracta, and momentum losses  

mass ve loc i ty  ( m a s s  flow per u n i t  cross-sect ional  free Plow 

area), (i), lb / ( sec) (  sq  f t )  

acce lera t ion  due t o  gravi ty ,  32.2 f t / sec2  

vena-contracta pressure-loss coef f ic ien t  

length of reac tor  segment, f t  

wetted perimeter of reac tor  segment, f t  

s t a t i c  pressure, lb/sq f t  

measured pressure drop corrected f o r  momentum loss, lb/sq f t  

measured pressure drop corrected f o r  ehtrance, e x i t ,  vena 
contracta,  and momentum losses, ~ b / s q  f t  

lb/sq ft  
ove r -a l l  measured s t a t i c  pressure drop across  reac tor  segment, 
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&en 

Apex 

&m 

R 

R e  

t 

A t  

v 
W 

U 

P 

IJ. 

P 

TO 

entrance pressure drop, lb/sq f t  

e x i t  pressure drop, lb/sq f t  

momentum pressure drop, lb/sq f t  

vena-contracta pressure drop, lb/sq f t  

gas constant f o r  air, 53.35 f t - lb/( lb)(OF) 

Reynolds number, DeG/p 

s t a t i c  temperature at entrance of t e s t  sect ion ( i n l e t - a i r  

. 

temperature) , OR 

s t a t i c  temperature difference between entrance and e x i t  of 
t e s t  sect ion ( t aken  as zero f o r  these  tes ts) ,  % 

veloci ty ,  f t / s ec  

air flow, lb/sec 

AP/Pl 

At/% 

absolute v i scos i ty  of air, lb/sec-ft  

air density,  lb/cu f t  

shearing s t r e s s  defined as  average f r i c t i o n  fo rce  per u n i t  
a rea  

Subscripts 

The following diagrammatic sketch of the  tes t  sec t ion  def ines  the  
subscr ip ts  per ta ining t o  t h e  various s t a t ions  

m 

N $ 1  

a i r f low - 
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RESULTS AND DISCUSSION 

All t he  per t inent  measured and ca lcu la ted  data presented i n  f igu res  4 
Values f o r  entrance loss and and 5 are tabulated i n  t ab le s  I (a )  and I (b) .  

e x i t  pressure recovery are not tabulated, inasmuch as they were about t he  
same order of magnitude. 

F r i c t i o n  f a c t o r s  based on measured over -a l l  s t a t i c  pressure drop 
corrected f o r  momentum loss. - The average ha l f - f r i c t ion  f a c t o r s  obtained 
f o r  reac tor  segments 5 and 10 are shown i n  f igu re  4, where the  average 
ha l f - f r i c t ion  f ac to r  corrected f o r  momentum pressure loss ( f /2 )  ' 
p lo t t ed  aga ins t  Reynolds number DeG/p. The average ha l f  - f r i c t i o n  
f a c t o r  
corrected f o r  momentum pressure loss as g iven , in  the following equation: 

i s  

( f / 2 ) '  i s  based on the  measured over -a l l  s t a t i c  pressure drop 

where 

and 

Ap, = -(E) GZ2 
QP1 

These equations and subsequent equations are derived i n  appendix A 
and a sample ca lcu la t ion  i s  shown i n  appendix B.  
given i n  t h e  sec t ion  of the  report  ent i t led "Symbols". 

The u n i t s  required are 

Included i n  t h e  figure, f o r  ccmparison, i s  t h e  von Karman-Nikuradse 
l i n e  ( s o l i d ) ,  represent ing the  r e l a t ion  between f r i c t i o n  f a c t o r  and 
Reynolds number f o r  turbulent  flow i n  smooth pipes,  t he  equation of which 
is  : 

(DeG \ 
1 = 2 log - 

J 8  f/2 
, 4 8 )  -0.8 
\ -  

The dashed l i ne ,  i n  t he  figure, represents  t h e  h a l f - f r i c t i o n  f a c t o r  
r e l a t i o n  i n  the laminar region, the  equation of which is: 

The da ta  f o r  r eac to r  segments 5 and 10 are not i n  agreement w i t h  
t he  reference l i n e  f o r  turbulent  flow i n  smooth pipes; t h e  f r i c t i o n  
f a c t o r s  f o r  both reac tor  segments axe higher than those  f o r  smooth pipes.  
The f r i c t i o n - f a c t o r  da t a  f o r  each segment can, however, be w e l l  represented 
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by a s ing le  l i ne ,  t h e  data falling within k5 percent of a mean l i n e  
through the  da ta  f o r  each r eac to r  segment. 
fo r  both r eac to r  segments and, as shown i n  the  figure, ind ica t e  good 
reproducib i l i ty  of t h e  data.  
(about 70,000), t h e  f r i c t i o n  f a c t o r s  f o r  segments 5 and 10 are higher by 
about 44 and 110 percent, respect ively,  than those given by t h e  von 
Karman-Nikuradse l i n e  f o r  smooth pipes. 

Check points  were obtained 

A t  t h e  highest  Reynolds number obtained 

F r i c t i o n  f ac to r s  based on corrected pressure drops. - The average 

I n  t h i s  case, 
h a l f - f r i c t i o n  f ac to r s  f o r  reac tor  segments 5 and 10 a re  presented i n  
figure 5 with the  same coordinates as used i n  figure 4. 
however, t he  average h a l f - f r i c t i o n  f ac to r s  ( f / 2 ) "  a r e  based on measured 
ove r -a l l  s t a t i c  pressure drops which were corrected f o r  entrance, vena- 
contracta,  momentum, and e x i t  pressure losses as 
equations: 

where 

and 

No pressure-loss correct ion w a s  applied 

given i n  t h e  following 

(5 )  

( 8 )  

f o r  ve loc i ty  p r o f i l e  
development. Both reac tor  segments had an L/De of approximately 14, 
which might be too short  a length t o  cause a f u l l  p r o f i l e  development. 
Rather than assume a full o r  some p a r t i a l l y  developed p r o f i l e ,  t h i s  
cor rec t ion  w a s  not included i n  the  calculations.  

For the  data reported herein,  the use of the  i n l e t  air  densi ty  i n  
place of air  average densi ty  introduced no s ign i f i can t  e r ro r .  
where the re  would be heat addi t ion i n  t h e  reac tor  segment or  longer 
sec t ions  of g rea t e r  pressure drop, the calculat ions should be based on 
an average or  some weighted a i r  density. 

I n  cases 
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As i n  f igu re  4, t h e  f r i c t i o n  f ac to r s  f o r  both segments 5 and 10 
f a l l  above t h e  reference l i n e .  The corrections applied,  however, tend 
t o  cause t h e  data f o r  both r eac to r  segments t o  approach the  reference l i n e .  
I n  t h i s  case, t h e  da ta  f o r  segments 5 and 10 a r e  higher by about 26 and 
95 percent than those given by t h e  von Ka.rman-Nikuradse l i n e  at a Reynolds 
number of about 70,000. 

Although t h e  f r i c t i o n  f a c t o r s  are somewhat higher than t h e  reference 
l i ne ,  t he  s lope of t h e  data f o r  both segments i s  e s s e n t i a l l y  that of t he  
reference l i n e  at Reynolds numbers be low 10,000; at Reynolds numbers 
grea te r  than 10,000, t h e  slope becomes appreciably less than t h a t  f o r  t h e  
smooth-pipe l i n e .  

SUMMARY OF RESUIZ’S 

The r e s u l t s  of tests t o  obtain air-pressure-drop da ta  with no heat 
addi t ion on two reac tor  segments of a proposed a i r c r a f t  air-cooled reac tor  
can be summarized as follows: 

1. The measured average h a l f - f r i c t i o n  f a c t o r s  (cor rec ted  only f o r  
momentum) obtained f o r  each reac tor  segment can be w e l l  represented by 
a s ing le  l i n e  throughout t h e  range of Reynolds numbers invest igated.  
However, t h e  l i nes  are not i n  agreement i n  magnitude or  s lope with t h e  
von Karman-Nikuradse reference l i n e  represent ing turbulent  flow i n  smooth 
pipes.  The slopes of t h e  l i n e s  through the  data a r e  essentially t h e  same 
as the reference l i n e  at Reynolds numbers below 10,000, but  become con- 
s iderably  less at the  higher Reynolds numbers. 
segments 5 and 10 are higher than the  reference l i n e  by about 44 and 
110 percent,  respect ively,  a t  a Reynolds number of about 70,000. 

The f r i c t i o n  f a c t o r s  f o r  

2. Correction of t h e  measured pressure drop fo-r momentum, entrance, 
ex i t ,  and vena-contracta losses  tends t o  br ing t h e  f r i c t i o n  f a c t o r  f o r  
both segments nearer t o  the  reference l ine .  However, t h e  s lope of the  
l i n e s  at t h e  higher Reynolds numbers i s  s t i l l  appreciably l e s s  than t h a t  
f o r  t h e  smooth-pipe l i ne .  The corrected f r i c t i o n  f a c t o r s  f o r  segments 5 
and 10 are higher than t h e  reference l i n e  by about 26 and 95 percent, 
respect ively,  at  a Reynolds number of about 70,000. 

3. The displacement of t h e  curves above the  reference l i n e  would 
ind ica t e  t h a t  some re-evaluation of the  e f f e c t i v e  diameter, or inc lus ion  
of o ther  parameters per t inent  t o  t h e  geometry of the  segment would be 
required f o r  co r re l a t ion  of t he  data f o r  both segments. . 

L e w i s  F l i g h t  Propulsion Laboratory 
National Advisory Committee f o r  Aeronautics 

Cleveland, Ohio, August 24, 1952 
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APPENDIX A - DERIVATION OF THE PRESSm DROP EQUATIONS 

A schematic diagram of t he  test sec t ion  showing the  various s t a t i o n s  
i s  given below: 

*heas -1 

I 

The f r i c t i o n  f a c t o r  can be defined by t h e  following general  
equation : 

f = -  
1 ov2 

where To 
per  u n i t  area.  

i s  the  shearing s t r e s s  defined as the  average f r i c t i o n  force  

Equation (1) can a l s o  be wr i t t en  as: 

The following equation def ines  t h e  Ap" of equation ( 2 )  

The f r i c t i o n  f a c t o r  as calculated by equations (2)  and (3) does not 
represent  t h e  exact value of t h e  r a t i o  of t he  shearing stress at  the w a l l  
t o  t h e  dynamic pressure of t h e  stream, inasmuch as no pressure-loss 
cor rec t ion  was  applied t o  equation (3) t o  account f o r  ve loc i ty  p r o f i l e  
development. of approximately 14, 
which were f e l t  t o  be too short  a length f o r  f u l l  p r o f i l e  development. 
Rather than assume a full o r  some p a r t i a l l y  developed p ro f i l e ,  th i s  
cor rec t ion  was not applied i n  the  calculat ions.  

The reac tor  segments t e s t e d  had an  L/De 

The various terms of equation ( 3 )  are derived as follows: 
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Entrance pressure loss, Apen. - Losses of mechanical energy occur 
in the flow stream in the region of contraction from station (1) to (2). 
The general energy equation between these stations can be written: 

Assuming no friction and incompressibility of the fluid, the follow- 
ing relations apply: * 

PI = P2 

and 

Hence, 

where A2/A1 is defined as the free-flow factor F, and rewriting 
equation (5) in terms of mass velocity in the test section results in: 

Exit regain 4ex. - The momentum change between stations (3) and (4)  

where an expansion occurs can be stated as follows: 

Assuming incompressibility, equation (7) can be written as: 

As before, %/A1 = F and A3/A4 = F; therefore, 
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I n  order t o  write equation (9) i n  terms of entrance conditions at 
s t a t i o n  (1) the  following was assumed: 

I n  t h i s  case t h e  Ap used i n  equation (10) i s  an approximation i n  
t h a t  the value f o r  A b e a s  
solut ion.  

was used i n  order t o  avoid a t r ia l -and-er ror  
The e r r o r  incurred by this assumption is  negl igible .  

Equation ( 9 )  can be rewr i t ten  with the  a i d  of equation (10) as 
follows : 

where 

and 

I n  these pa r t i cu la r  t e s t s ,  with no heat  addition, p w a s ,  of course, 
always equal t o  zero. 

Vena-contracta pressure l o s s  Apvc. - The vena-contracta pressure 

l o s s  was taken as a f a c t o r  
i n  the  test  sect ions and i s  given by the  following equation: 

K, times the  ve loc i ty  head of t h e  streap 

where K, i s  a funct ion of only the  free-flow f a c t o r  of t he  tes t  
sect ion.  Values of K, a re  given i n  reference 1 p lo t t ed  against  
f ree-f low fac to r .  

Momentum pressure loss  A h .  - Using the  general  momentum equation 
and assuming p l =  p2 r e s u l t  i n  the following equation: 
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Rewriting equation (15) 
gives : 

APm = 

11 

: (15) 

by means of equations (lo), ( 1 2 )  and (13) 

I n  t h e  ca lcu la t ions  j u s t  described, t he  t o t a l  and s t a t i c  tempera- 
t u re s  w e r e  assumed t o  be t h e  swe. Several  check calculat ions which were 
made at t h e  highest  flow conditions showed t h a t  t h i s  assumption gave 
negl ig ib le  e r ro r .  
assumption i s  obviously not t o  be expected t o  remain va l id .  

With heat addi t ion and a t  high flow rates t h i s  
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APPENDIX B - SAMPIJ3 CALCULATION - RUN NUMBER 1 FOR 

REACTOR SEGMENT NUMBER 5 

I 

Effec t ive  diameter, De = 0.0208 f t  

Free-flow area, A = 0.0385 ft2 

Corrected air flow, W 

Absolute v i scos i ty  of 

I n l e t - a i r  temperature 

= 1.712 lb/sec = 6162 lb/hr 

air, p ( a t  506' R )  = 0.0426 lb/hr-f t  
. L  

De W 0.0208 X 6162 78,300 
= 0.0426 x 0.0385 

= 506' R 

I n l e t - a i r  pressure = 39.66 i n .  Hg abk. = 2804 lb/sq f t  abs 

Free-flow fac to r ,  F = 0.92 

(1-0.922) = 296 X 0.1536 = 45.5 lb/sq f t  
G22 

64.4 x 0.104 
Ape, = - (1-F2) 

2gP, 

A b e a s  = 147.7 lb/sq f t  

u = &/pl = 147.7/2804 = 0.0527 

G1 = GZF = 44.46 X 0.92 3: 40.9 

32.2 40.9' X 0.104 1-0.0527 )(1 - A) = - 46.0 lb/sq f t  ( l+' 

Afic = K, G22 0.05 X 296 = 14.8 lb/sq f t  
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where K, I 0.5 (from reference 1) 

npm f G22 - (w) - 
gpl 

0+0*0527 = 32.9 lb/sq f t  
= 2.0 X 296 (1-0.0527) 

= 147.7 - (45.5 - 46.0 + 14.8 + 32.9) 

=I 100.5 lb/sq ft 

- 
L 

8 -  
De 

X 
1 

X - n  0.00303 100.5 
= 8 x14.0 296 

REFERENCE 

1. McAdams, W i l l i a m ,  H.:  Heat Transmission. 2nd ed., McGraw-Hill 
Book Co., Inc., (New York and London), 1942, p. 122. 
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Run 

- 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
M 
35 
36 
37 
38 - 

irflo* 
lb/sec) 

- 
1.712 
1.673 
1.644 
1.515 
1.493 
1.433 
1.299 
1.283 
1.134 
1.043 

.868 

.e34 

.730 

.721 
,689 
.651 
.651 
.604 
.590 
.562 
.SO7 
.478 
.420 
.344 
.344 
.288 
.263 
.255 
.234 
.224 
.203 
.202 
.182 
.162 
.162 
.111 
.093 
.080 - 

a. .e. . . . .e .. . ... . e.. .. 
. I . .  e . .  *.e . .e .. a .  
.*XF.*.. . . a .  e.. ....e. 

TABLE I - MEASURED AND CALCULATED DATA FOR REACTOR SEGMENT ISOTHERMAL PRESSlJRE DROP TESTS 

( a )  Reactor se0ener.t number 5. Free-flow area, 0.9385 sqdare feet ;  free-flow factor  0.92; 
equivalent diameter 3,. 0.3209 feet; length t o  dianeter r a t i o  L/ile, 14.0. 

tnlet air 
?m erature  7% ) 

506 
516 
508 
514 
538 
50 7 
512 
511 
508 
516 
508 
520 
510 
518 
512 
512 
518 
522 
512 
518 
508 
512 
518 
512 
526 
517 
523 
524 
522 
514 
524 
522 
518 
522 
524 
524 
524 
524 

In l e t  a l r  
pressure 

lb/sq f t  abs 

2804 
2768 
2732 
2659 
2632 
2573 
2514 
2500 
2389 
2369 
2252 
2267 
2254 
2210 
2210 
2213 
2184 
2181 
2207 
2156 
2127 
2176 
2120 
2148 
2116 
2095 
-1 
2090 
2089 
2132 
2082 
2084 
2081 
2079 
2081 
2076 
2074 
2071 

eynoms 
number 

78,Joo 
75,500 
74.909 
68,500 
6 8 . W  
65,400 
58,900 
58,300 
51,730 
47,100 
39,500 
37,400 
33,300 
32,400 
31,200 
29,500 
29,300 
27.000 
26,700 
25,200 
23,100 
21,730 
18,900 
15,600 
15.300 
-13.000 
11,700 
11,400 
10.400 
10,100 

3,100 
9,000 
8,200 
7.300 
7.200 
4.900 
4.100 
3,600 

n l e t  a i r  
Mach 

number 

0.399 
.386 
.384 
.366 
.362 
.355 
.331 
.328 
.303 
.283 
.246 
.237 
.207 
.210 
.200 
.188 
.192 
.179 
.171 
.168 
.152 
.141 
.128 
.lo3 
.lo5 
.089 
.081 
.079 
.072 
.067 
.063 
.063 
.OS6 
.050 
.050 
.035 
.029 
.025 

leasured 
irss sure 

drop 
AP 

.b/sq ft) 

.47 
,44 
.40 
.19 
117 
110 
32.1 
38.4 
13.2 
j3.0 
L4.5 
12.5 
11.7 
52.2 
?8.7 
' 6  .O 
X.3 
'3.5 
'1.5 
19.3 
16.5 
14.8 
11.7 
7.85 
8.11 
5.67 
4.89 
4.78 
3.93 
3.43 
3.05 
2.91 
2.29 
2.00 
2.00 
1.04 

.749 

.650 

' ;Col'meted f o r  momentum loss. 
ePrrected for momentum, vena contracta, entrance, and exi t  losses. 

alculatec 
mmentun  
pressure 

drop 

lb/sq ft 1 
&Pin 

32.93 
31.73 
30.57 
23.32 
22.59 
23.31 
14.65 
13.83 
9.68 
1.25 
3.84 
3.42 
1.93 
2.02 
1.62 
1.31 
1.38 
1.07 

.a94 

.773 

.540 

.415 

.269 

.116 

.127 

.062 

.045 

.042 

.029 

.022 

.017 

.016 

.010 
-007 
.007 
.002 
.031 
.001 

alculated vena 
mt rac t a  pres- 

sure drop 
APVC 

(lb/sq ft) 

14.81 
14.51 
14.07 
12.42 
12.05 
11.34 
9.63 
9.42 
7.66 
5.64 
1.76 
4.47 
3.38 
3.47 
3.09 
2.75 
2.82 
2.45 
2.26 
2.12 
1.72 
1.51 
1.21 

.790 

.a22 

.574 

.483 

.455 

.382 

.337 

.291 

.287 

.232 

.185 

.185 

.086 

.061 

.046 

- 
half - 
-: c t :on 
:actoTa 
If/2) 

.00346 

.00347 

.00350 

.00345 

.00353 

.00354 

.00359 

.00354 

.00371 

.30375 

.00382 

.30391 

.OD394 

.00396 

.00393 

.3C431 

.go396 

.OC410 

.9340a 

.00392 

.03417 

.00420 

.00424 

.Os437 

.a0434 

.00436 

.O0448 

.00465 

.00456 

.03451 

.00464 

.00450 

.cM439 
.00482 
.00481 
.00534 
.00552 
.OX35 

3rrecied 
half - 

P I  ctiori 
racto; 
(f/2) 

).00303 
.00303 
,00506 
.003iO 
.00308 
.GO310 
.00314 
.00308 
.00324 
.OD328 

.00335 

.33343 

.00345 

.30348 

.00344 

.03353 
-00347 
.00361 
.00359 
.00343 
.00368 
.00379 
.00374 
.00387 
.03394 
.00386 
.00398 
.00415 
.00405 
.00431 
.OD414 
.00400 
.00389 
.00432 
.00431 
.!IO484 
.a0502 
.00585 
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